showed that apical meristem of reproductive shoots of sand reedgrass remained below the soil surface until June, shoot apices of vegetative stems remained below or near the soil surface throughout the growing season and were not subject to removal by grazing. There were approximately twice as many vegetative stems as reproductive stems. Therefore, the level of reserve carbohydrates may be a more important factor in the reaction of sand reedgrass to heavy grazing than position of apical meristem.
Reserve carbohydrates are those carbohydrates that are alternately accumulated and utilized by the plant during the growth cycle. Sucrose, fructosans, and starch are the most important reserve carbohydrates with glucose and fructose less significant.
These carbohydrates are stored in the roots, rhizomes, stem bases, and corm-like organs of grasses. Carbohydrate reserves are used for initiation of growth in the spring, for regrowth following defoliation, and for respiration during the winter. Defoliation of a grass generally reduces the carbohydrate reserves. The degree of reduction depends on the frequency, intensity, and time of foliage removal (Weinmann, 1952; Troughton, 1957; Cook, 1966; Everson, 1966) .
The objectives of this study were to determine seasonal trend, constituents (starch and soluble carbohydrates), and concentrations of the reserve carbohydrates in the roots and rhizomes of sand reedgrass as affected by grazing intensity. Basic knowledge of this plus morphological information are essential in developing grazing management systems that will utilize this species and its associates in the most efficient manner.
Methods

and Materials
The study was conducted at the Eastern Colorado Range Station near Akron, in the sandhills of the northeastern part of the state. The climate is semi-arid and is characterized by hot summers; mild, dry autumns; cold winters; and moist, cool springs.
The average annual precipitation is about 15 inches with most falling as rain during the growing season (Dahl et al., 1967 Soil was shaken from the roots and rhizomes and the plant tops were removed.
Samples were collected from the same general areas on each sampling date.
Sods taken in a given pasture were cornposited. Also, sods taken from the exclosures in one heavy intensity pasture and the moderate intensity pasture were combined. The sample from the other exclosure was used as the replicate.
The composited samples were washed with water to remove any remaining soil. Roots and rhizomes were separated, ground with a hand-operated meat grinder, weighed, and placed in separate jars containing a measured amount of 80% ethanol (50 ml of 80% ethanol/g of oven-dry plant material).
A portion of each sample was used to determine oven-dry weight.
About 2 hr elapsed between removal of the sod and when the plant parts were placed in the ethanol. The material in ethanol was macerated with a Waring Blendor, filtered, and stored in a freezer until it could be chemically analyzed.
The residue was oven-dried, ground through a 40-mesh screen, and sealed in jars.
The filtrate was analyzed for soluble carbohydrates by the anthrone reagent method (Johnson et al., 1964; Everson, 1966) . Starch was extracted from the residue with perchloric acid (Pucher et al., 1948; Everson, 1966 
Results and Discussion
Seasonal Trend.- Fig.  1 shows that total carbohydrate concentration of the underground plant parts followed the typical U-shaped seasonal trend referred to by numerous workers (Cook, 1966 (Fig. 1) 
Underground
Plant Parts.-Roots had a significantly higher concentration of total carbohydrates than the rhizomes from late June through November (Fig. 2) . Total carbohydrate concentration in the roots was similar to the concentration in the rhizomes during initial spring growth. Because the carbohydrate concentration was greater in the roots for only part of the year, a significant plant parts-dates interaction resulted. Soluble carbohydrate concentrations were similar in both roots and rhizomes throughout the year. However, the starch content was significantly higher in the roots during the periods when carbohydrates were being accumulated.
A significant plant parts-constituents interaction resulted on these dates and for the whole experiment because of this higher starch concentration in the roots. Because the starch concentration was similar in roots and rhizomes for the early portion of the growing season and then became greater in the roots, a significant plant parts-constituents-dates interaction resulted (Fig. 2) . This may indicate that starch is depleted at about the same rate from both roots and rhizomes, but that accumulation begins first in the roots.
Effect of grazing .-Only two dates, June 6, and August 15, 1966, showed a significant difference in carbohydrate concentration due to grazing treatment (Fig. 3) . On June 6 the grazed plants had a higher concentration of carbohydrate reserves than the ungrazed plants. Plants in the exclosures began growth later than the grazed plants probably because the soils were cooler and wetter under the thick litter cover in the exclosures.
On June 6 the carbohydrate reserves of the ungrazed plants were at the low point for the season, while the grazed plants had begun to replenish their reserves.
Un in the ungrazed plants was somewhat higher than in the grazed plants throughout most of the study period (Fig. 3) . Although the concentration was not significantly higher for most of the individual dates, the cumulative effect when all dates were combined resulted in the significant difference. The data from all dates combined have a significant grazing-constituents interaction because the starch concentration was lower in the underground parts of heavily grazed plants (45 mg/g) than in moderately grazed plants (50 mg/g). Also, starch concentration was lower in moderately grazed plants than in ungrazed plants (56 mg/g), whereas the soluble carbohydrates remained relatively constant in all grazing treatments and in both roots and rhizomes.
The lower starch concentration occurred only in the roots of these plants, so a grazing-plant parts-constituents interaction also resulted. The lower starch content in the roots may indicate that an increase in grazing intensity reduces leaf area, which in turn reduces photosynthate production and starch accumulation. The biological significance of the small difference in concentration of starch in plants grazed at different intensities is uncertain. Grazing intensity studies have shown generally that as intensity of grazing increased the root system was reduced.
If the root systems of heavily grazed sand reedgrass plants have been reduced, then the total amount of reserve carbohydrates would be less than in the moderately grazed or ungrazed plants. This would account for the reduction in amount of sand reedgrass under heavy grazing. However, the size of the root system of sand reedgrass under different grazing intensities has not been studied. Research on the size of the root system is needed to complement the information on the concentration of reserve carbohydrates. 
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Paper chromatograms showed that the soluble carbohydrates in samples from the mowed area from August 15 to the end of the sampling period had one carbohydrate in addition to those found in samples from the other areas; the additional carbohydrate had a RF value similar to the one reported for xylose (Lederer and Lederer, 1957) . Xylose is a primary constituent of hemicellulose. Therefore, the presence of xylose in the soluble carbohydrates of plants with reserves maintained at a low level (near 20 mg/g) for about two months may indicate that hemicellulose was being broken down to provide energy for the plant.
Conclusions
Total carbohydrate concentration of sand reedgrass followed the typical U-shaped seasonal trend with reserves declining during early growth, then accumulating throughout the remainder of the growing season.
The seasonal trend was due to fluctuations in the starch concentration, thus, starch was considered to be the major stored carbohydrate. The soluble carbohydrate concentration remained relatively constant throughout the growing season, and for this reason they were believed to be important as translocatable carbohydrates and as the most readily available carbohydrates for use by the plants.
The roots and rhizomes had similar concentrations of soluble carbohydrates throughout the year, but starch concentration was higher in the roots during the period when carbohydrates were accumulating.
This may indicate that accumulation begins first in the roots.
The effect of grazing on the concentration of total carbohydrates was not significant for most of the sampling dates. For all dates combined there was a significant grazing effect. This effect was due to a higher concentration of starch in the roots of ungrazed plants than in the roots of moderately grazed plants and a higher starch concentration in the roots of moderately grazed plants than in the roots of heavily grazed plants. This may be due to a reduction of photosynthetic tissue with increased grazing intensity which apparently results in reduced starch accumulation in the roots. The constituents of the soluble carbohydrate fraction from the roots and rhizomes for all dates were glucose, fructose, and sucrose. Roots and rhizomes taken from the repeatedly mowed area had an additional carbohydrate after the reserves were maintained at a low level for about two months. The additional carbohydrate was believed to be xylose. This may indicate that hemicellulose was being broken down to furnish simple carbohydrates for use by the plants.
